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     The UREX process separates uranium from transuranic wastes (TRU) and fission 
products (FP).  Nuclear reactors require fissile isotopes that will absorb neutrons and 
break apart into smaller nuclei while releasing a large amount of energy as well as 
multiple neutrons.  Fissile isotopes in spent fuel include not only 235U, but also 239Pu, 
241Pu, and several isotopes of americium (Am) and curium (Cm). 
 
     TRU contains the actinides with atomic numbers greater than that of uranium.  This 
includes Pu, Np, Am, and Cm.  When TRU is separated from uranium, the TRU still 
poses a significant risk of sustaining a chain reaction.  This is quantified through the 
effective neutron multiplication factor, keff.   
 
keff < 1, subcritical 
keff = 1, critical 
keff > 1, supercritical 
 
     To prevent TRU from 
becoming critical (sustaining 
a chain reaction), keff must 
be maintained at a value of 
less than 1.  The presence of 
neutron poisons (Sm, Xe, B, 
Hf, Cd, etc.) will decrease 
keff.  Neutron poisons are 
found in fission products.  
The presence of neutron 
moderators (H, C, Be) or 
materials that reflect 
neutrons will enhance keff.  
 
      To assess keff, Monte 
Carlo simulation codes are 
used.  The concentration of 
TRU, process salts, and 
fission products along with the geometry of the mixture and surrounding reflective 
material are inputs to these codes. 
 
Geometry to be Analyzed 
 
     To begin keff studies of reprocessing material, CMT identified a sample problem based 
on the geometry shown in figure 1.  The cylindrical container is 75 cm high and 50 cm in 




Interior filled with homogeneous
mix of TRU, Process Salt, and
Fission Products
Cylinder wall made
of 1/8” thick 316 SS
 





     SCALE 4.4a, a neutron transport code developed by the Oak Ridge National 
Laboratory, was used for these studies.  Microsoft Basic programs were used to prepare 
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Figure 2  Schematic of the Computer Processing used in the 
Analysis of k-effective 
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     The program CSASPREP generated the SCALE input files.  These files contained the 
"reactor" geometry and the number densities of TRU, fission products, and process salts 
within the mixture.  Since regression fits were used, a large number of SCALE runs were 
made.  CSASPREP automatically generated each file, called the SCALE software 
through a DOS command, and collected the values of keff and its uncertainty from the 
SCALE output files.  A separate disk file containing the container diameter, height, 
%TRU, and % process salt was automatically written by the program.  Sample results are 
shown in Appendix A. 
 
     The cylinder diameter and the % TRU were varied by the program.  Cylinder volume 
was assumed constant and height was automatically calculated as diameter was varied.  
For these initial results, no fission products were assumed to exist within the mixture.  
The percentage of process salts within the mixture was computed from the % TRU. 
 
     A two-dimensional regression fit of the data was made to calculate keff(D, %TRU).  
The optimal order of the fit was determined using program SURFCHK.  The actual fit 
was accomplished using SURFAAA.  Results are shown in figure 3 as a contour plot and 
in figure 4 as a surface plot. 
 






























Figure 3  Contour Plot of the Effective Neutron Multiplication Factor 
As a function of Cylinder Diameter and % TRU in the Mixture 
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     To ensure criticality safety, the value of keff must be less than 1.  Although SCALE 
4.4a is approved by the Nuclear Regulatory Commission (NRC) for use in designing 
nuclear power plants, the NRC requires a margin of safety of 5% in assessing keff.  The 
SCALE code also generates a statistical uncertainty.  To maintain safe operation: 
 
keff < 0.95 - statistical uncertainty 
 
     During a recent visit by J. Laidler and G. Vandergrift to UNLV, we learned that the 
AMUSE code was written in Microsoft EXCEL to allow both MAC and PC users to run 
the code.  We followed this trend and also prepared an EXCEL code to assess criticality 
safety for the cylindrical geometry containing TRU and process salt.  The program is 
titled cylinder-criticality.xls and it is attached with this report.  A sample screen from the 
program is shown in figure 5.   
 
     The EXCEL program receives, as input, the cylinder diameter and the percentage of 
TRU in the mixture within the cylinder.  The effective neutron multiplication factor is 
computed from the curve fit coefficients and the resulting value is compared with the 
safety limit: 
 




































Figure 4  Surface Plot of k-effective as a Function of %TRU and Cylinder Diameter 
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     This program calculates the effective neutron multiplication factor, k-effective, for a cylindrical container with a 1/8 inch thick wall
made from 316 SS.  The mixture inside the container is assumed to be composed of TRU with Process Salt.  The nominal diameter
may be varied, and the height will be computed to preserve the original container volume.  SCALE 4.4a was used to generate the
results.  A least-squares regression fit o fthe data was used to estimate k-effective as a function of cylinder diameter and %TRU.
A.  Input
     Please change the two values included below to recalculate the
value of k-effective:
Enter the Cylinder Diameter (cm): 50
Enter the percent (%) TRU: 40
Nominal Volume (cm^3) is: 147262.15





Maximum KENO Uncertainty: 0.0031
Maximum Possible Value of k-eff: 1.464
Limit of k-eff for Safety: 0.95
Is this Safe from a Criticality Event? SAFE UNSAFE
C.  Calculations
Order Coefficient I J
0 -9.78E-002 0 0 -0.09783378
1 0.6884337 0 1 0.27537349
2 -0.0522729 0 2 -0.00836366
3 0.6726148 1 0 0.48043915
4 2.8150107 1 1 0.80428877
5 -2.1761193 1 2 -0.24869935
6 -0.507453 2 0 -0.25890461
7 -2.0879773 2 1 -0.42611782




University of Nevada, Las Vegas
Calculation of k-effective for a Cylindrical Container with TRU and Process Salt
Interior filled with homogeneous 
mix of TRU, Process Salt, and 
Fission Products
Cylinder wall made of 




Figure 5  Microsoft Excel Program Cylinder-Criticality.xls Used to Assess Criticality Safety 
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     The resulting value of keff is used to determine whether the mixture and geometry is 




     An attached EXCEL program assesses the criticality safety of a cylindrical vessel 
containing both TRU and process salts.  The program represents the results of a series of 
SCALE 4.4a runs that have been fit to a regression curve.    
 
     The SCALE neutron libraries contain the cross-sections of all of the radioisotopes 
contained within TRU, the process salts, and fission products as identified by CMT.  We 
are working on a general curvefit in three independent variables to model the cylindrical 
geometry where % fission product can also be varied. We would appreciate additional 
geometries to model. Would also like feedback on the best way to present the criticality 




  Sample SCALE 4.4a Results 
 
 
Diameter Height TRU Process Salt k-effective uncertainty 
(cm) (cm) (percent) (percent)   
30 208.3333 10 90 0.4673 0.0009 
30 208.3333 20 80 0.8078 0.0016 
30 208.3333 30 70 1.0652 0.0017 
30 208.3333 40 60 1.2796 0.0018 
30 208.3333 50 50 1.4569 0.0022 
30 208.3333 60 40 1.5989 0.0026 
30 208.3333 70 30 1.7203 0.0027 
30 208.3333 80 20 1.8205 0.0025 
30 208.3333 90 10 1.913 0.0022 
30 208.3333 100 0 1.9995 0.0025 
35 153.0612 10 90 0.5191 0.001 
35 153.0612 20 80 0.8847 0.0016 
35 153.0612 30 70 1.1566 0.0023 
35 153.0612 40 60 1.3748 0.0023 
35 153.0612 50 50 1.5494 0.0022 
35 153.0612 60 40 1.6897 0.0026 
35 153.0612 70 30 1.8116 0.0025 
35 153.0612 80 20 1.9154 0.0029 
35 153.0612 90 10 2.0032 0.0025 
35 153.0612 100 0 2.0876 0.0023 
40 117.1875 10 90 0.5495 0.001 
40 117.1875 20 80 0.9283 0.0016 
40 117.1875 30 70 1.2097 0.002 
40 117.1875 40 60 1.4246 0.0025 
40 117.1875 50 50 1.6074 0.0021 
40 117.1875 60 40 1.7468 0.0026 
40 117.1875 70 30 1.866 0.0024 
40 117.1875 80 20 1.9689 0.0024 
40 117.1875 90 10 2.0521 0.0026 
40 117.1875 100 0 2.1307 0.0027 
45 92.59259 10 90 0.559 0.0009 
45 92.59259 20 80 0.9441 0.0015 
45 92.59259 30 70 1.226 0.0024 
45 92.59259 40 60 1.4481 0.0026 
45 92.59259 50 50 1.6217 0.0024 
45 92.59259 60 40 1.7639 0.0021 
45 92.59259 70 30 1.8872 0.0026 
45 92.59259 80 20 1.988 0.0025 
45 92.59259 90 10 2.0706 0.0026 
45 92.59259 100 0 2.1506 0.0024 
50 75 10 90 0.5501 0.001 
50 75 20 80 0.929 0.0016 
50 75 30 70 1.2148 0.0017 
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50 75 40 60 1.4344 0.0023 
50 75 50 50 1.611 0.0021 
50 75 60 40 1.7497 0.0026 
50 75 70 30 1.8676 0.0023 
50 75 80 20 1.9739 0.0022 
50 75 90 10 2.0662 0.0025 
50 75 100 0 2.1375 0.0026 
55 61.98347 10 90 0.526 0.0011 
55 61.98347 20 80 0.8961 0.0016 
55 61.98347 30 70 1.1735 0.0019 
55 61.98347 40 60 1.3894 0.0023 
55 61.98347 50 50 1.5701 0.0023 
55 61.98347 60 40 1.7111 0.0024 
55 61.98347 70 30 1.8341 0.0023 
55 61.98347 80 20 1.9359 0.0031 
55 61.98347 90 10 2.0254 0.0026 
55 61.98347 100 0 2.104 0.0024 
60 52.08333 10 90 0.4909 0.0011 
60 52.08333 20 80 0.8451 0.0018 
60 52.08333 30 70 1.1172 0.0018 
60 52.08333 40 60 1.3334 0.0019 
60 52.08333 50 50 1.5057 0.0026 
60 52.08333 60 40 1.657 0.0026 
60 52.08333 70 30 1.7813 0.0026 
60 52.08333 80 20 1.8839 0.0024 
60 52.08333 90 10 1.9723 0.0022 
60 52.08333 100 0 2.0487 0.0031 
65 44.3787 10 90 0.4546 0.001 
65 44.3787 20 80 0.7908 0.0015 
65 44.3787 30 70 1.0554 0.0017 
65 44.3787 40 60 1.2663 0.0023 
65 44.3787 50 50 1.4375 0.002 
65 44.3787 60 40 1.5819 0.0021 
65 44.3787 70 30 1.7077 0.0021 
65 44.3787 80 20 1.8082 0.0025 
65 44.3787 90 10 1.9039 0.0023 
65 44.3787 100 0 1.9899 0.0026 
70 38.2653 10 90 0.4161 0.0008 
70 38.2653 20 80 0.7316 0.0014 
70 38.2653 30 70 0.9838 0.0018 
70 38.2653 40 60 1.1925 0.0019 
70 38.2653 50 50 1.3578 0.0019 
70 38.2653 60 40 1.5053 0.0028 
70 38.2653 70 30 1.6263 0.002 
70 38.2653 80 20 1.7412 0.0026 
70 38.2653 90 10 1.829 0.0025 
70 38.2653 100 0 1.9178 0.0025 
 
